To transfer only part of genome, X-ray irradiated suspension cell protoplasts of N. Ian gsdorfii were fused with suspension cell protoplasts of N. glauca by polyethylene glycol. Somatic hybrid calli were selected by the growth in the hormone-free medium. Some of somatic hybrid calli from fusion with irradiated protoplasts indicated the loss of small subunit polypeptide of fraction 1 protein which was coded by N. Ian gsdorffii nuclear DNA. Cytological analysis provided an information on significant decrease of chromosomes in somatic hybrid calli from fusion with irradiated protoplasts, compared with the somatic hybrid calli from fusion with non-irradiated protoplasts. In addition, isozyme analysis revealed that somatic hybrid calli from fusion with irradiated protoplasts lost particular bands of N. Ian gsdorffli. These results demonstrate the tranfer of only part of genome from N, Ian gsdorffii to N, glauca by fusion with X-ray irradiated protoplasts.
INTRODUCTION
Somatic hybridization using protoplast fusion offers a great potential to somatic cell genetics, because genetic exchange has a good chance of realization between species which cannot be crossed using conventional method. However, somatic hybridization results in parasexual integration of complete parental genomes. Although somatic hybrid plants between distantly related plants and between sexually incompatible plants have been reported (Melchers et al. 1978; Gleba and Hoffmann 1979; Kru.mbiegel and Schieder 1981; Shepard et al. 1983 ), these plants have undesirable portions of the alien genome. Accordingly, we need suitable methods to eliminate undesirable genes.
In fusion with distantly related species, somatic incompatibility has been reported, such as the elimination of chromosomes at the times of hybrid cell division (Kao 1977; Binding and Nehls 1978) and of plant regeneration (Hoffmann and Adachi 1981) . In extreme case, alien gene expression has been observed even after alien visible chromosomes were completely eliminated (Power et at. 1975; Dudits et at. 1979) . These phenomena are not always observed in many other protoplast fusion. On the other hand, accelerated elimination of one of the parental chromosome sets from the hybrid cell has been observed in fusion between non-irradiated and irradiated protoplasts. This method was successfully used in the transfers of nuclear markers (Dudits et at. 1980; Gupta et at. 1982) and of cytoplasmic male sterility (Zelcer et at. 1978; Menczel et at. 1982) .
In the present paper, to investigate the possibility for the transfer of only part of genome in interspecific fusion, X-ray irradiated protoplasts of N. tan gsdorii were fused with non-irradiated protoplasts of N. gtauca. As genetic tumor formation may depend upon the presence of a specific N. tangsdorffii chromosomes in an otherwise N. gtauca background (Abuja 1968), protoplasts of N, tan gsdorfi were irradiated. The somatic hybrid calli indicated the expression of genetic tumor and the elimination of chromosomes of N. tan gsdorfi.
2, MATERIALS AND METHODS

Plant materials and culture conditions
Suspension cultures were originated from the calli of the stem of N. gtauca and N, tan gsdorfi.
These were maintained on the medium containing Murashige and Skoog (1962, MS) inorganic and organic components plus 1 mg/t 2, 4-dichlorophenoxyacetic acid (2, 4-D), 0.1 mg/t 6-benzyladenine (BA), and 30 g/t sucrose (pH 5.6). Suspension cultured cells were subcultured at 14 day intervals.
Protoptast isolation, inactivation and fusion
Protoplasts from suspension cultures of both species were prepared by adding the "enzyme solution (1% Cellulase Onozuka R-10, 0.2% Macerozyme R-10, 0.05% Pectolyase Y-23 in 13% mannitol, pH 5.6). Suspension cells of both species were incubated at 30°C for 4 hours. After 3.5 hours of incubation suspension cells of N. tan gsdorfi were irradiated with X-rays of 6 KR (190 KV, 20 mA, 400 R/min.) in enzyme solution. Protoplast fusion was induced by the method of Uchimiya (1982) . Fused protoplasts were cultured on a circular cover slip (22 mm in diameter) in a petri dish (6 cm in diameter) at 28°C under permanent illumination (about 1000 lux). Protoplast culture medium contained MS inorganic and organic components plus 3 mg/t 2, 4-D, 0.5 mg/t BA, 30 g/t sucrose and 0.4 M glucose (pH 5.6).
Selection of somatic hybrid colony
After two or four weeks cultured protoplasts were washed twice with hormone-free protoplast culture medium and plated the same medium (0.6% agar) to select somatic hybrid colonies. Formed somatic hybrid colonies were then replaced on the medium of MS inorganic and organic components plus 30 g/l sucrose and 0.8% agar (pH 5.6). Subsequently, somatic hybrid calli were subcultured on the agar medium or in the liquid medium.
Analysis of somatic hybrid calli Fraction 1 protein, an useful genetic marker for nuclear and chloroplast genomes, were analyzed with the method of Hirai (1982) without carboxymethylation, using materials of somatic hybrid calli which were subcultured about a half year after fusion. In chromosome staining, the method of Kao (1975) was used with modifications. Somatic hybrid calli were incubated with the enzyme solution (0.5% Cellulase Onozuka R-10, 0.01% Pectolyase Y-23 in 0.1 M sodium acetate buffer, pH 4.5) for one hour and stained with 10% carbol f uchsin for one hour. Polyacrylamide gel electrophoresis of peroxidase in the presence of sodium dodecyl sulfate (SDS) was performed according to the method of Laemmli (1970) . Crude extracts from calli or leaves were prepared by homogenizing them (1 g fresh weight) in 1 ml of 0.03 M Tris (pH 8.0) containing 6 M urea, 0.01% /3-mercaptoethanol and 0.2% SDS. The separation gel contained either 7.5% or 15% acrylamide, N, N'-methylenebisacrylamide (BIS), at 0.2 to 0.4%, 0.42M Tris, pH 8.8, 0.05% N, N, N', N'-tetramethylethylenediamine (TEMED), 0.08% ammonium persulf ate, and 0.1% SDS. The stacking gel contained 4.7% acrylamide, 0.13% BIS, 0.4M Tris, pH 6.8, 0.04% TEMED, 0.03% riboflavin, and 0.1% SDS. The electrode buffer contained 0.19 M glycine, 0.025 M Tris and 0.1% SDS. Electrophoresis was conducted at room temperature with constant voltage of 50 V until bromphenol blue reached at the bottom of the slab gels. Renaturation of enzymes after SDS polyacrylamide gel electrophoresis was conducted by the method of Blank et al. (1982) . The gel was stained using 100 mg of benzidine acetate in 100 ml of 0.01 M Tris-acetate buffer (pH 4.1) plus 0.3 ml of hydrogen peroxide solution (30%). Esterase isozymes were analyzed by polyacrylamide gel (8%) electrophoresis (Moore and Collins 1982) . Staining was carried out with the method of Kahler and Allard (1970) .
RESULTS
Protoplasts of N. glauca and fusion-treated protoplasts initiated to divide at the second day of culture, however, X-ray irradiated protoplasts of N. langsdorffii could not divide. After 2 or 4 weeks, colonies were transferred on the selective medium. On this medium, colonies from fusion either between nonirradiated protoplasts or between non-irradiated and irradiated protoplasts could divide continuously to form fast growing green calli which had occasionally shoot-like structure on the surface. But these structures were not able to grow on the selective medium.
To determine the hybrid nature of formed calli, isoelectrof ocusing of fraction 1 protein was carried. As shown in Fig. 1 , the protein of N. glauca (G) had a small subunit composed of a single polypeptide whose isoelectric point was different from that of the two polypeptides of N. langsdorfi (L) protein.
Three polypeptide bands were seen in somatic hybrid calli originated from fusion between non-irradiated protoplasts of N, langsdorfi and N. glauca. The presence of the combined G and L small subunits of the fraction 1 protein provides evidence for both G and L nuclear contributions. On the other hand, the same small subunit polypeptide band pattern was seen in a somatic hybrid callus (G + L -X III). On the contrary, one or two small subunit polypeptides of N, langsdorfi protein were lost in somatic hybrid calli originated from fusion with irradiated protoplasts of N. langsdorfii (G + L -X VII, V, IV). This suggests the elimination of genetic material coded for small subunit polypeptides of N, langsdorfi, From cytological analysis in both species, the variability of chromosome numbers was found, particularly in N, langsdorffii (Table 1) . Moreover, cells of the other cell strain of N. langsdorfi which was not utilized for fusion had about 44 chromosomes. Thus, cultured cells of N, langsdorfi were more variable in our culture condition, while cultured cells of N. glauca had slightly modified number of chromosomes (Fig. 2) . Somatic hybrid cells from fusion with non-irradiated protoplasts of N. langsdorfi (G+L) had about 90 chromosomes which were more than the sum of chromosome numbers of N. glauca and N. langsdorfi cultured cell protoplasts. On the contrary, in somatic hybrid cells from fusion with X-ray irradiated protoplasts (G + L -X), cells indicated decrease number of chromosomes, compared with G + L cells. G + L -X VII, which have lost all of small subunit polypeptides of N. langsdorfii, showed conspicuous decrease of chromosome number (Table 1) . Moreover, these cells had more or less chromosome fragments (Fig. 2) .
To examine the extent of the elimination of N. langsdorfi genome, isozyme analysis was performed. Fig. 3 indicates the result of SDS gel electrophoresis of peroxidase. Though tissue specific patterns were seen, particular differences were observed in the bands of low molecular weight (indicated with a arrow). Somatic hybrid strains (G + L -X VII and V) lost the bands of N. langsdorfi type. On the contrary, esterase were analyzed with polyacrylamide gel electrophoresis.
As seen in Fig. 4 , band pattern of G + L -X VII was different from the pattern of G + L and G + L -X IV, particularly in fast-migrating Somatic hybrid calli derived from fusion with non-irradiated protoplasts had about 90 chromosomes which were much more than the sum of chromosomes of both species. A simple addition by fusion would give a hybrid with about 54-60 chromosomes. The departures from numbers of 54-60 may be attributable to several causes, e.g. multiple protoplast fusion, or unequal mitosis occuring during callus growth. During at least 6 months subculture, severe changes of chromosome numbers were not observed in somatic hybrid calli. Therefore, higher chromosome numbers may be attributable to multiple protoplast fusion. Smith et al. (1976) reported that triple fusion might have occured in the fusion between N. glauca and N. langsdorfi.
If two protoplasts of N. glauca might have fused with one non-irradiated or irradiated protoplasts of N, langsdorfi in our experiment, originated calli may More detailed cytological analysis would be required in order to clarily the situation.
To accelerate the chromosome elimination from one of parents in protoplast fusion, X-ray irradiation have been utilyzed. As a result, only part of genome (or gene) have been transferred between intergeneric combinations (Dudits et al. 1980; Gupta et a1.1982) . On the other hand, chromosomal recombination may have occurred in protoplast fusion between various plants (Power et al. 1975; Dudits et al. 1979 Dudits et al. , 1980 Hoffmann and Adachi 1981) . Accordingly, it may be possible that by fusion with X-ray irradiated protoplasts, in synkaryons proliferating in culture, small chromosome segments are frequently into the surviving genome and thus enable genetic transfer.
Furthermore, regeneration process are more sensitive to genetic constitution than mitosis is (Krumbiegel and Schieder 1981; Hoffmann and Adachi 1981) . Therefore, methods of transferring only part of genome may also be useful for obtaining of somatic hybrid plants between distantly related species. Only one dose was used in our study. While effects of radiation dosage on efficiency of chloroplast transfer by protoplast fusion, that is, complete elimination of nuclei from one of parents, were investigated (Menczel et a1.1982) , radiation dosage which facilitate the transfer of only part of genome (or gene) must be investigated in the future.
In intergeneric gene transfer system, albino mutant (Dudits et at. 1980) or auxotrophic mutant (Gupta et at. 1982) were utilized and also in our system, combination which express the genetic tumor was selected. However, a half selection are possible by X-ray irradiation.
Furthermore, we are able to distinguish the fusion products and isolate them by a micromanipulator by selecting the combination of leaf mesophyll protoplasts and cultured protoplasts.
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